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PI:  Wei  Liu,  M.  D.,  Ph.  D. 


Grant  No:  DAMDI7-98-1-8066 


Specific  aims:  Insulin-like  growth  factors  (IGFs)  have  been  shown  to  stimulate 
cell  proliferation  and  differentiation.  And  IGF-I,  one  of  the  important  members  of  the  IGF 
family  plays  an  important  role  in  the  mitogenesis  of  breast  cancer.  IGF-I  stimulates  cell 
division  by  modulating  events  that  occur  during  the  early  G1  phase.  Cell  proliferation  and 
activation  of  oncogenes  in  cancer  cells  has  been  shown  to  be  involved  in  the  modulation  of 
signal  transduction  pathways.  The  most  important  signal  transduction  pathways  in 
mammalian  cells  are  MAPK  pathways,  which  include  ERK1/ERK2,  JNK  and  p38 
pathways.  These  kinases  are  activated  by  growth  factors  and  also  under  stress  conditions. 
Amino  acid  starvation  in  cell  lines  can  be  used  as  an  experimental  model  for  stress,  which 
can  mimic  the  pathophysiological  condition  that  results  from  protein  deprivation  during 
cancer  cachexia.  Therefore,  we  hypothesize  that  signal  transduction  pathways  in  human 
breast  cancer  are  involved  in  IGF-I-mediated  cellular  proliferation  under  amino  acid 
starvation  conditions. 

Therefore,  the  specific  aim  of  this  study  was  designated  to  test  the  hypothesis  that. 
The  signal  transduction  pathways  in  human  breast  cancer  involve  activation  of  MAPK 
(ERK1/ERK2)  and  JNK  pathways. 

Results:  We  have  shown  that  IGF-I  stimulates  cyclin  D1  expression  in  human 
breast  cancer  cell  MCF-7  in  a  time  and  dose-dependent  manner  (Figure  1).  The  maximum 
stimulation  was  observed  at  18  to  24  hours  in  the  10  ng/ml  of  IGF-I  concentration.  Cyclin 
D1  mRNA  was  blocked  by  the  addition  of  PI-3  kinase  inhibitors  (Figure  2).  IGF-I  was  also 
shown  to  mediate  the  phosphorylation  of  mitogen-activated  protein  kinase  (ERK1/ERK2) 
as  well  as  that  of  protooncogene  c-jun  in  MCF-7  cells  (Figure  3).  Our  studies  suggest  that 
cyclin  D1  expression  is  regulated  by  IGF-I  at  the  transcription  level  and  that  the 
phosphorylation  pathways  are  regulated  by  PI-3  kinase  signaling  pathway  in  addition  to 

MAPK  pathways.  . 

The  effect  of  amino  acid  starvation  on  specific  signal  pathways  was  investigated.  An 
increase  in  phosphorylation  of  ERK1/ERK2  was  observed  in  a  time-dependent  manner 
(Figure  4)  with  peak  stimulation  after  5  min  amino  acid  withdrawal.  Stress-activated 
protein  kinase  JNK  was  also  activated  in  response  to  amino  acid  starvation  resulting  in  c- 
jun  phosphorylation  (Figure  5).  In  summary,  our  results  indicate  those  protein  kinases; 
ERK1/ERK2  and  JNK  play  an  important  role  under  amino  acid  starvation-induced  stress 
conditions  in  MCF-7  cells. 

Publications: 

1  Liu  W,  Chillar,  and  Vadgama  JV.  IGF-I-induced  mitogenesis  of  breast  cancer  cells 
involves  in  MAPK  and  the  PI-3  kinase  pathways.  Pro.  Am.  Assoc.  Cac.  Res.  (39):458, 
1998. 

2.  Liu  W,  Vadgama  JV,  and  Wu  Y.  Signal  transduction  pathways  in  breast  cancer  cell 
MCF-7  upon  amino  acid  starvation  involved  in  MAPK  and  SAPK/JNK  pathways. 
FASEBJ.  (12):A450,  1998. 
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Figure  1. 


IGF-I  Stimulates  Cyclin  D1  Expression  in  MCF-7  Cells 


m®  % wm  mm  mm  ^  ^  :  -36  kD 
0  4 . 6  12  18  24  30  36 

(hours) 


Legends: 

IGF-I,  at  10  ng/ml,  upregulates  cyclin  D1  expression  in  a  time-dependent  manner. 
Maximal  regulation  was  observed  after  24  hours,  followed  with  down  regulation  at  30  and 
36  hours. 


IGF-I  Stimulates  Cyclin  D1  Expression  in  MCF-7  Cells: 
Dose-dependent  Test 


7  -mm  s***®*' 

0  0.1  1  10  50  100 

IGF-I  (ng/ml) 


Legends: 

This  data  confirms  that  IGF-I  regulates  cyclin  D1  expression  in  a  dose-dependent 
manner.  Maximal  stimulation  was  attained  at  fairly  low  IGF-I  concentration  (0. 1  ng/ml). 
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Figure  2. 


IGF-I-induces  Cyclin  D1  Expression  in  MCF-7  Cells  Are  Inhibited  by  PI-3 
Kinase  Inhibitors,  instead  of  MAPK  inhibitor 


1  2 . 3 . 4 . 5 

1.  synchronize  only 

2.  10  ng/ml  of  IGF-I 

3.  20  pM  of  PD98059 

4.  PD98059  +  IGF-I 


§!!§  -36  kD 

6  7  8 

5.  10  |iM  of  wortmannin 

6.  wortmannin  +  IGF-I 

7.  100  |iM  of  LY294002 

8.  LY294002  +  IGF-I 


Legends: 

This  result  shows  the  effect  of  MAPK  and  PI-3  kinase  inhibitors  on  IGF-I 
mediated  cyclin  D1  expression.  Our  data  confirm  that  PI-3  kinase  inhibitors  wortmannin 
and  LY294002  down  regulated  both  IGF-I  mediated  and  IGF-I-non-mediated  (basal) 
cyclin  D1  expression.  In  contrast,  the  MAPK  inhibitor  PD98059  had  no  significant  effect 
on  either  basal  or  IGF-I  mediated  cyclin  D1  expression. 
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Figure  3. 


IGF-I  Stimulates  the  Phosphorylation  of  ERK1/ERK2  in  MCF-7  Cells 
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phospho-ERK  1  /ERK2 


(min)  (ng/ml) 

IGF-I  100  ng/ml  IGF-I,  5  min 


Legends: 

MCF-7  cells  were  synchronized  serum-free  M  199  medium  over  night.  The  medium  was 
removed  and  the  cultures  were  washed  twice  with  PBS.  IGF-I  (100  ng/ml)  was  added  into 
the  culture  and  incubated  as  indicated  time.  In  some  experiments,  various  concentrations 
of  IGF-I  as  indicated  above  were  added  into  the  culture  and  incubated  for  5  min.  Cell 
lysates  were  collected  and  the  determination  of  phosphorylation  of  ERK1/ERK2  in  the  cell 
lysates  was  performed  using  the  method  described  in  the  Materials  and  Methods. 


IGF-I  Stimulates  the  Activation  of  SAPK/JNK  in  MCF-7  Cells 


"l  10  .  50 .  100 . 


phospho-c-jun 


Legends: 


IGF-I  (ng/ml) 


MCF-  cells  were  synchronized  in  serum-free  M  199  medium  over  night.  Various 
concentrations  of  IGF-I  were  added  into  the  cultures  and  incubated  for  10  min.  Cell 
lysates  were  collected  and  the  determination  of  c-jun  phosphorylation  in  the  cell  lysates 
was  performed  using  the  method  described  in  the  Materials  and  Methods. 
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Fig.  4 

Amino  Acid  Starvation  and  IGF-I  Stimulate  the  Phosphorylation 

in  MCF-7  Cells 
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Fig.  5 

Amino  Acid  Starvation  Induces  c-jun  phosphorylation  in  MCF-7  Cells 
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TYROSINE  PHOSPHORYLATION  OF  LIPOCORTIN  DIMER  IN 
ACTIVATED  MICROGLIA.  M-Z.  Z6a„s  and  J.A.  MrK'La 

Iniv.  Sch.  Mrd..  Nashville.  TN7  37232  - 

Lipocortin  I  (LCl).  a  3S-kPa  tvrosinr  kinase  substrate  with  anti¬ 
inflammatory  and  immunosuppressive  properties,  is  constitutive!;/  expressed 
,n  m,crofu'a  of  fhe  rat  (  NS  Phosphotyrosine  iimnunoreactivitv  (pY-ir)  is  dr 
terted  in  some  LCl 4-  microtia,  and  immunohistorhemistrv  demonstrates  in 
creased  numbers  of  LC1+  and  PY+  microglia  after  CNS  injury.  To  determine 
whether  glial  activation  involves  tyrosine  phosphorylation  of  LCl  in  microglia, 
im  mu  noprecipitation  and  western  blots  were  used  to  compare  LCl-PY  levels 
in  homogenates  0f  lumbar  and  cervical  spinal  cords  of  rats  three  davs  after 
bilateral  sciatic  nerve  transection.  Although  LCl  ir  and  PY-ir  each  were  de- 
tected  in  several  discrete  bands  in  the  soluble  fractions,  they  coinc.ded  only  at 
the  <6-kDa  band  i  p.,  the  LCl  dimer.  The  presence  of  LCl  PY  was  confirmed 
in  anti-P\  sepharose  precipitates,  where  LC l -ir  was  apparent  onlv  at  76  kl)a 
and  was  increased  in  the  lumbar  specimen  These  results  suggest  that  tvrosine 
phosphorylation  of  LCl  and  its  dimerization  plav  important  roles  in  microglial 
activation.  Supported  by  R01NS32660. 
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U3t,,?!L.NECRPSIS  FACT0R-«  IMPAIRS  INSULIN  STIMULATION  OF 
INSULIN  RLC  EPTOR  SUBSTRATE  (IRS)-!-  AND  IRS-2-MFD1ATED 
PHOSPHATIDYLINOSITOL  3-KINASE  ACTIVATION 
L  F  del  Aguila,  K.  P.  Claffey*.  and  J.  P.  Kina,,  Nnll  Lahore, ton,  Penn 
S'M'  Lnnrr.ury.  inanity  Park.  PA  and  'Bath  Israel  Dear, mess  Medical 
Center .  Boston,  MA. 

It  has  been  suggested  that  tumor  necrosis  factor-alpha  (TNF-a)  nlavs  a 

?vrnniuiC'|n  lhe  dcvcloPmentl  of  non-insulin -dependent  diabetes  meilitus 
(NIDDM).  To  examine  the  molecular  mechanisms  associated  with  TNF-a 
and  insulin  action,  we  measured  the  phosphorylation  of  two  mitogen- 
activated  protein  kinases  {MAPK)  known  as  p42*APK  and  p44MAPK  insulin 
receptor  substrate  (IRSl-l  tyrosine  phosphorylation,  and  IRS-1-  and  IRS-V 
mediated  PU-kmase  activation  in  cultured  C2C12  myotubes.  We  observed 
that  TNF-a  repressed  insulin-induced  p42MAPK  and  d44mapk  tyrosine 
phosphory  lation.  However,  pre-treatment  with  okadaic  acid,  a  phosphatase 
‘^ibitor.  prevented  TNF-a  inhibition  of  insulin-induced 
p4-  and  p44  tyrosine  phosphorylation,  suggesting  a  phosphatase- 
dependent  mechanism  in  the  inhibition  of  MAPK  by  TNF-a.  In  addition 
insulin-stimulated  IRS-1  tyrosine  phosphorylation  was  impaired  in  cultured 
!e!!S  Wl?  Furthcrmore,  insulin  stimulation  of  IRS- 1  - 

ff  i  LRl'‘*nidiatcd  P,-'Ssc  activation  were  diminished  by  TNF-a 
Unhke  the  effects  on  p42MAP^  and  p44MAP\  okadaic  acid  did  not  prevent 
I  NF-a  inhibition  of  insulin-induced  PD-kinase  activation,  suggesting  a  PP- 
2A-independen(  mechanism  in  the  inhibition  by  TNF-a  of  insulin-induced 
PI3-ktnase  activation  These  data  indicate  that  TNF-a  may  contribute  to  the 
development  of  insulin  resistance  in  skeletal  muscle  by  impairing  tyrosine 
phosphorylation  on  p42MA"t  and  p44“A"‘  as  well  as  IRS  I-and  IRS-2- 
mediated  Pl3-kmase  activation.  Supported  by  NIH  grant  R29  AG  12834-03 


2614 

EXPRESSION  OF  THE  FLT3  RECEPTOR  AND  RESPONSES  TO  THE 
^LIGAND  BY  HUMAN  DERMAL  MICROV ASCULAR 
ENDOTHELIAL  CELLS.  iLChcn.  X.  Zhang,  and  M.  Karasek  Dept,  of 
Dermatology.  Stanford  Umv.  Sch.  of  Med.  Stanford,  CA.  94305 
Considering  the  close  relationships  and  similarities  between 
hematopoietic  progenitor  cells  and  endothelial  cells,  we  analyzed  the 
expression  of  the  fms-like  tyrosine  kinase  receptor  3  (flt3R),  its  ligand, 

(  jL)»  and  die  responses  to  exogenous  flt3  in  human  dermal  microvascular 
endothelial  cells  (HDMEC).  The  expression  of  flt3R  and  flt3L  was 
detectable  at  both  the  mRNA  and  protein  levels  in  isolated  HDMEC  by  RT- 
PCR,  immunofluorescence  staining,  FACS,  and  Western  blotting.  A  1,391 
bp  segment  of  genomic  DNA  from  HDMEC,  which  corresponds  to  exon  10 
of  the  transmembrane  domain  and  its  flanking  region,  has  been  cloned  and 

^r^  A^^CArt^1U'Sx  :likc ^ucncc  w»th  the  direct  repeats  of 
GCTGGGATTACAGGC  was  identified  in  intron  9.  Both  EL-1  and  PMA 
flt3L.  No  significant  effects  could  be  detected  when 
HDMEC  were  treated  with  flt3L,  TNF-a,  or  TGF-fc  alone.  However, 
treatment  with  flt3L  combined  with  bFGF  synergisticaily  increased  the 
proliferation  of  HDMEC.  In  contrast,  when  HDMEC  were  treated  with 
fIt3L  and  TNF-a  or  TGF -b,  apoptosis  was  activated  and  proliferation  was 
inhibited.  These  results  demonstrate  an  unusual  and  novel  interaction  of 
cytokines  and  growth  factors  in  the  response  of  HDMEC  to  flt3 
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CLONING  AND  EXPRESSION  PROFILING  OF  MURINE  dk2 
J?RNA-  Matthew  C  Weber  and  Mark  L.  Tvkorin«lri 
Department  of  Pathology,  Case  Western  Reserve  University, 
Cleveland,  OH  44106.  7 


- * — protein 

kinases  are  capable  of  phosphorylating  both  serine /threonine 
and  tyrosine  residues.  They  are  thought  to  be  involved  in 
growth  control  and  development,  possibly  by  regulating 
mRNA  splicing.  In  the  case  of  dk2,  only  the  human  cDNA 
has  been  cloned  to  date,  and  even  here,  its  expression  profile 
was  limited  to  leukocytes.  In  the  course  of  screening  a 
murine  cDNA  expression  library  made  from  mouse  deddual 
endometrium  at  day  7-8  of  gestation,  we  identified  a  1.5  kb 
c~ VAr5?ne  with  M8h  ^ence  homology  to  the  human 
clk2  cDNA.  When  this  done  was  used  as  a  probe  in 
Northern  blot  analyses,  a  2.2  kb  message  was  detected  in  day  7 
(highest  expression),  12,  14,  and  18  placental  and  deddual 
endometrial  tissues,  but  not  in  normal  uterus.  Spleen,  brain, 
and  whole  embryo  were  also  positive,  but  interestengly,  the 
highest  expression  was  observed  in  a  murine  megakaryocydc 
cell  line,  L8057.  These  findings  set  the  stage  for  targeted 
murine  dk2  functional  analyses. 
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THE  SIGNAL  TRANSDUCTION  PATHWAYS  IN  BREAST  CANCER 
CELL  MCF-7  UPON  AMINO  ACU)  STARVATION  INVOLVED  IN 

^^h™™pATHWAYs-  fluSS? 

Charles  R.  Drew  University  of  Medicine  and  Science,  Department  of 
Medicine,  Los  Angeles,  CA  90059. 

We  have  tested  the  hypothesis  that  signal  transduction  pathways  in  breast 
cancer  revolve  activation  of  MAPK,  ERK1/ERK2,  and  SAPK/JNK  pathways. 
These  signals  cause  activation  of  oncogenes  and  increase  in  cell  proliferation 
Amino  acid  starvation  is  a  physiological  condition  that  results  in  protein 
deprivation  resulting  from  cancer  cachexia.  We  have  examined  the  effect  of 
AA  starvation  on  the  specific  signal  pathways.  Our  results  demonstrated  an 
recrease  re  phosphorylation  of  ERK1/ERK2  in  response  to  time^iependent  AA 

We«em  hi  7  ^  "f ** .“  fiv'  «UW<W,  we  confirmed  using 

“T*0”  of  t>TOsine  pho^ihorylation  within 

i  ■  ute“f  ^  3tarvatlon- Stress-activated  protein  kinase,  SAPK/JNK  were 

c  LtrL11  10  M  Starvatioa’  resul'in8  in  c-jun  phosphorylation. 

ERK1/ERK2  0.  6om  Ph°*hoiylation  of 

r*  C°D^  M  StoVati°n  “used  * 

9APY/njYRrA  7  summ<uy’  Protem  kinosea  such  as  ERK1/ERK2  and 
SAPK/JNK  play  an  important  role  in  response  to  AA  starvation  in  cancer  cells. 

Supported  by  NIH.  NCRR-G12RR03026  and  NCI-P30CA49095-09. 
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THE  INVOLVEMENT  OF  PROTEIN  TYROSINE  KINA9F  /ptki  iw 

rFn°RwS^J10^  °r,Na‘  TRANSPORT  IN  RENAL  ERTHELIAL  A6 
- -ELLS  ^aofni  NlffatQ.  Minovao  Liu.  Willy  Van  Driessche 


Tnmntn  '''™*dren  and  Toronto  Hospital,  University  o\ 

wS  h ('anada  30(1  K*  u*  Leuven.  Belgium 

iA",the  extracellular  solution 
tra^sport  in  renal  epithelial  A6  cells.  The  rnechankmc  hu 
cfian?®  In  extracellular  osmolality  initiates  activation  of  a  siqnal 
transduction  pathway  and  how  the  pathway  results  in  activation  of 
transport  are  still  unknown.  We  inve^gat^to^ 

stress  jn  To  study  a 

PTK  inhibitors  martedy  abolished  the  hyposmoleUity-stimulated  amikxide- 

SSSSSSSrt^SSSK  ffS?  1  <r‘-'?cT 'yposmo?a™sSdto|: 

a*  i 

ESSS 

am,*lsc-  Single  channel  recording  data  show  that  hvoosmolaiitv 
^  ^itoroe-blockabJe  Na+  channels 
toe  apical  membrane.  PTK  inhibitor  markedly  abolished  the  hyposmoiali*v- 

K3SS  lHC^Se  in  nu!!lber  of  th3  Na^channel  suggS  PTK% 

Na°  dfamSs  tor^aNc^em'2£Ssmolalily's,lmulate°  ' iransloration  ol 

Ksss.’anaa  swjb  isas£,swfssa? 
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rearrangements  were  not  obsenred.  Instead  one  of  tour  pathways  oMS^flcti- 
vation  could  be  identified  with  stepwise  selections:  (1)  Early  ap«5(ffication  and 
^expression  of  the  amplified  allele:  increased  ampllfica^S™s“on 
with  advancing  drug  selection.  (2)  Earty  overexpressioolefasingle allege  ?mM- 
fication  of  the  overexpressed  allele  occurred  only  aUtfghlevels  of  expression  (3) 
Overexpress, on  of  both  alleles  mediated  by  (raping  factors  as3enced  bv 
increased  activity  of  an  MDR-1  reporter  cpn^ruct.  and  mows*  «DrS  of 
the  transcriptionfactor,  YB- 1 ;  amplifjpatfonof  a  single  allele  only  at  high  levels  of 
resistance.  (4)  Oyerexpression  <£f£Th  alleles  earty  in  seSon  foltow^  by 

o^^itTw  8  s,n9'®^®  and  consequent  amplification  of  the  over-ex- 
pressed  allele.  We  concluprflhat  (1)  activation  of  a  silent  MDR-1  gene  reauires  a 
major  change:  genepwifrangement  with  capture  of  MDR-1 ,  andte)  increased 

fZTnv«„  n2?^ively  expressed  96ne  results  from  transcription 

°r  9®ne  amP|ifica,ion-  Once  amplification  occurs,  increased 
exprassierTof  transcnption  factors  does  not  appear  necessary. 

f^Jno  Co-expression  and  co-amplMcation  of  sequences  upstream  of 

Wtektev  L  a  T^,  ,Un<f*  ?Ct9d  drU°  Mtectod  human  ce" «"**•  Wang,  Z 
hchgr  w/H  and  Foio'  T-  *****  Branch-  "Cl  °nd 

V?!™;  n  H  ■  MD  Department  ot  Internal  Medicine,  Gyeongsano 

National  University,  Kyungnam,  South  Korea.  uyvungsang 

'n  ^®vious  stfjies  sequences  upstream  of  MDR-1  In  KB  C-1  RNA  were 

f^ddtt  nn^i'Siec7°ir  an  ups,r?m  Pf0mo,er  ^<03  5’  RACE  cloning  we  Isolated 
additional  157  bp  proximal  to  the  previously  reported  94  bo  YAC  clones 

e^^oHhe^r^^^00  kb  u^«lomehc ^tMDR-hPCR 
expression  of  the  251  base  pairs  was  examined  in  unselected  and  drug  selected 

lines.  In  32  unselected  cell  lines  (27  MDR-1  negative  and  5  MDR-1  positive! 
expression  was  detected  only  in  MDR-1  negative  ZR-75B  cells  In  contra^ 

'n  14/28  drug  sejectQcl  06,1  ,ir>®s;  including  14/18  with 
amplrfication  of  MDR-1.  In  the  drug  selected  cell  lines,  expression  erf  the  251  bn 

deSCa  to  MDR  ma251  ^ 33  a  Pf0be'  fragments  were 

aei tectea.  a  4.5 kb  MDR-1  mRNA  and  an  additional  1.0  kb  fragment  Multioln 

attemptsto  isolate  the  1.0  kb  transcript  from  sized  cDNA  libraries  were  unsix:- 

IW^KmkbTolo^MD^Jb^if  acre9ion  wi,fl  Promo,er  activity  located 
iuu-*oUU  kd  5  of  the  MDR-1  start  site.  Expression  of  251  bp  from  this  reoion  » 

^en 'n  dmg  selected  cell  lines  and  coincides  with  amplification  of  this^gion 
Wble  MDR- 1  transcripts  can  begin  in  this  upstream  region,  this  region  cJmalso 
be  transcribed  independent  of  MDR-1.  The  present  study  suggests  the  promoter 
activity  in  this  region  may  not  be  specific  for  MDR-1.  promo 

k,and  demethylation  and  chromatin  structure  are  associ¬ 
ated  wtthtanscriptional  activation  of  human  multidrug  resistance  1  (MDFM) 

In  human  cancer  celts  and  hematopoietic  neoplasia.  Kusaba  H 
Nakayama,  M.,  Nagayama,  J.,  Kohno,  K.,  Komatsu,  H.  uida  R  Ko^W  m 
Uchfumi ,  T.t  Kuwano,  M.(  and  Wada,  M.  Kyushu  University,  Fukuoka  812-82 
Japan,  Untversftyof  Occupational  and  Environmental  Health  Kitakvushu  807 
^Na^Cffy  an/v.  Sch.Med.,  Nagoya.  National  AaKfaJg 

Selection  of  mammalian  cells  for  resistance  to  vincristine  often  Induces  over 

***  (MORI,  which  erS^T^ 
JZJL  J  °,.9ene  amP,i«cation  or  transcriptional  activation 

un pT^'  p  ecfe  mechan,sm  underlying  such  transcriptional  activation  of 

thlS  **  re,ation  between  ^ethylation  status  in 
!l!fflLPui  re9K)n  and  transcnptional  activation  of  MDR1  has  been 
of  W®  e)|am'nfd  P_9P  overexpressing  cancer  cell  lines.  Determination 

of  methyiation  status  at  Mspl  Hpall  sites  revealed  hypomethylated  in  P-od- 
overexpressmg  cell  lines,  and  hypermethylated  in  the  parental  cells  Prior  trfEIT 
ment  with  DMA  methyltransferase  inhibitor  resulted  ln7w 
tr^cAikt  of  ^^nstiHe-resist^t:  clones  generated  by  subsequent  exposure  of 
thecells  to  vincristine,  suggesting  inverse  correlation  of  methyiation  status  and 
MDR1  overexpression.  Although  the  binding  of  YB-1,  a  transcription  factor  im 
P“'n  expression,  appeared  not  to  be  : 

tetion.  DNase!  hypersensitive  site  of  the  MDR1  promoter  region  wereS^ntN 
obsen^d  between  the  P-gp  overexpressing  cells  and  the  Sal  cSte S 

a.-ST*  Chr?Sln  structure  of  tfie  ^levant  region  in  the  multidrug  relstant 
cells.  We  examined  methyiation  status  and  MDRl  expression  in  acut^m^Z 
neous  leukemia,  and  also  observed  inverse  correlation  in  clinical  samples  Meth¬ 
yiation  status  of  the  MDR1  promoter  is  expected  to  play  a  key  rote  in  MDR  1 
overexpression  in  cancel1  cells.  y  UK1 

SfUd6  araCt^£ation  01  M'-tensth  and  ettemativety  , 

RT  mu'W^-»aistan»  human  cancer  can  lines  , 

acnWi  yZr'  H  '  Y-  Tanzef'  L  R-  Cao,  J„  Geringer,  C.  D  and  Moore 

Company,  Lilly  Corporate  Center,  Indianapolis,  IN  46285-0424  , 

££  ™Rirhnol09y allow  ,he  ,u"-^  ' 

mPNAs  t0  P®  c°p|ed  one  step  in  one  tube.  With  strinoent  Iona 
conditions,  we  can  further  insure  that  smaller  than  full-length  PCR  l 

tRJ®  Splic®  vaiiant  mRNAs  rafr**  than  being^hntcal  « 
teik^te  ^"Stand  thf  grange  of  MDR1  gene  expression  * 

leukemia  cell  lines,  we  have  analyzed  splice  variant  Droduction  in  a 

manner  utilizing  long  RT-PCR  technology.  Twenty  different  MDR1  cDNAs  were  h 


MDRl  ^U6nC^LTW?,  °f  ,hesa  ctones  co*Kl  ,or  full-length,  wild-type 
MDftf,  the  rest  encoded  splice  variants,  Fourteen  of  the  less  than  full-terrath 

8  VWy  prom™nt  sP|lc«  variant  mRNA 

inAirhlf^^  *  drug  resis,anc«  tumor  cell  lines  (HL6Q/VCR  and  U937- 
MMiT!rw4  C»  vanant  is  denved  from  the  splicing  of  exons  6  to  18  from  the 
^DR1.?r^A'  *  18  pr6dk;ted  this  one  mRNA  would  encode  two  proteins  Th» 
n  W0Uld  con,ain  ttansmembrane  domains  9  to  1 2  and  one  ATP 
Ending  domain.  In  support  of  this  model,  m  vitro  transcription  and  translation 
studies  indicate  that  this  MDRl  splice  variant  mRNA  does  encode  both  predicted 
proteins.  The  biological  significance  of  .his  novel  mRNA  Sg  £5K2£ 

mniL!Z.n  Rn?  .ma.PPlT8  of  8  chr°mosome  7  abnormality  associated  with  ■ 
multidrug  resistant  phenotype,  de  Silva,  M.G.,  Kantharidis  P  Scherer  S  W 
«  ■  Campbell,  L,  Tsui  L.-C.,  Zataberg,  JR  DMsIm  ofH^atoloavi 
Medical  Oncology,  Peter  MacCallum  Cancer  Institute,  Melbourne  Austratia^De- 
partmentof  Genetics,  The  Hospital  for  Sick  Chikton  Tor^Tcan^da 

of  Cytogenetics,  St.  Vncenfs  Hospital.  MelboumeZLTa  '  ***' 

Both  the  expression  of  the  muftidrug  transporter  P-qlvcoDrotein  fPnni 

',he  k?n9  arm  0f  chr°mo«>meTha^ be^i^shown  to  bTldter^ 
prognostic  indicators  in  acute  leukemias.  In  this  study  the  breakpoints  of  a  clonal 
St;  <Jup(7Kq11.1q31.1),  inherited  with 

In  a  drug-resistant  derivative  of  a  human  T-cell  leukemia  cefi  line  were 

encrytes^Pnn  ^  duP,ication  was  of  interest  as  the  gene  which 

encodes  pgp  mdrr  te  looted  on  the  long  amt  of  chromosome  7  at  position 

wm  fomvftn  *8ll5harac,9rized  YAC  denes  the  duplicated  segment 

was  found  to  be  a  direct  tandem  duplication  somewhat  larger  than  estimated  bv 

rwOTtaSw’lT™'  •and  dislal  l"5f  of  the  abncxmah 
ity  were  located  and  a  YAC  done  spanning  the  distal  breakpoint  was  identifier! 

This  clone  is  of  particular  interest  as  It  harbors  the  markers  D7S523  and  D7S471 
close  to  which  a  putative  tumor  suppressor  oene  fe  thrumM  u,  c,lp4 K 
examination  of  the  breakpoint  regkX^ng^S  Xrt 

X^r  SUPre9Ula,k5n  aSWe"aS  ^^omatL  aZ  a  fu^up 


Kinases^0  TUMOR  BI0L0GY 19:  Signaling  through  MAP 

Mahon,  Michael  Birrer.  and  Paul  Dent.  Departmentot Radhbon  Onco/^ m£' 
^Co/tege  of  Virginia.  Virginia  Commonwealth  University,  fychr^  M23m- 

JThe  ability  of  signarmg  via  boththe  Raf/MEK/MAPK  and  SEKfJNK/c-Jun  cas- 
to  stimulate  or  inhibit  DNA  synthesis  Ip  primary  cultures  of  adult  rat 
hepatocytes  was  examined.  Treatment  of  hepatocytes  wSi^Sia  c^ntainim 
hyperosmotic  glucose  (75  mM  find),  Tumor  Necrosis  Factor  n  mup  i 

t^HGF  ■SAPK>  JNK1  <C'Jun  NH2-,eminii  kinase).  Glu 

cose,  TNFa,  or  HGF  treatments  increased  phosphorytetion  of  c-Jun  at  Serine  M 

t^tef^Htm  2!hf^°L<!0,I,ain'  ^  stimula,ed  DNA  synthesis.  Infection  of 
tocytes  with  poly-L-lysine  coated  adenoviruses  coupled  to  constructs  to  exnre** 
eith^  dominant  negative  Ras  dominant 

I  ’  d0m!JS2t  ne9ative  SEK1 .  or  dominant  negative  JNK1  bluntedthe 
D^A  synthesis* ,n  contrast,  when  MAP  kin^^chronicalN  aerated 

co^,°I  Wtth  8  P^-'-'ysine  Sd^ 

exp^rs’pzi  a^p^XnhTr0r1aM 

increased  and  DNA  synthesis' decreased.  Thfdate  demo^Z  Ckev 
S^N^nS^!yniStS  StimU'a,e  ^  Syn,heSiS  h  h6Pa,0CyteS  is  W  the 


>n  a^1  ^  rfChi^RC^t/C^,m'0,Ve*  MAPK- 

^  StfflSS  %££  ChafieS  R  D^Nsrsity  of  Medicine  andS^Tos 

5^ ssSK  SSS255S3  sts 

expression  in  human  ^  **  ^ 

Droast  cancer  06,1  MCF-7.  Mrtogen-activated  protein  kinases,  ERK1/ERK2 
Proceedings  of  the  American  Association  for  Cancer  Research  .  Volume  39  .  March  1998 
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and  ojun  in  MCF-7  cells  are  rapidly  activated  and  phosphorylated  in  response  to 
the  addition  of  IGF-l.  IGF-l  stimulates  cyclin  D1  expression  in  MCF-7  cells  in  a 
time/dose-dependent  manner.  This  stimulation  can  be  blocked  by  two  unrelated 
PI-3  kinase  inhibitors.  Wortmannin  and  LY294002,  instead  of  MAP  kinase  inhib¬ 
itor.  In  addition,  IGF-I  strongly  stimulates  cyclin  D1  mRNA  expression  In  MCF-7 
cells  and  this  stimulation  can  also  be  blocked  by  PI -3  kinase  inhibitors,  indicating 
that  the  regulation  of  IGF-l-induced  cyclin  Df  expression  in  MCF-7  cells  Occurs  at 
transcription  level.  These  results  Indicate  that  IGF-l-induced  mltogenesis  in 
MCF-7  cells  are  mediated  by  PI-3  kinase  signaling  pathway,  in  addition  to  the 
MAPK  pathway. 

#3120  Ras  stimulates  DNA  topoisomerase  Ha  through  MEK:  A  Rnk 
between  oncogenic  signaling  and  a  therapeutic  target  Guan  Chen1*,  Dennis 
Templeton2*,  D.  Parker  Suttle3*,  and  Dennis  W.  Stacey1*.  1)  Department  of  Mo¬ 
lecular  Biology,  The  Cleveland  Clinic  Foundation;  2)  Institute  of  Pathology,  Case 
Western  Reserve  Universfty,  Cleveland,  OH;  3)  Department  of  Pharmacology,  The 
University  of  Tennesse,  Memphis ,  77V.  - 

Topoisomerase  I  la  (topo  lla),  a  nuclear  protein  required  for  maintenance  of  DNA 
topology,  and  a  target  of  anti-tumor  treatments,  was  elevated  in  ras-,  src-  and 
^transformed  N1H3T3  cells.  Anti -Ras  antibody  decreased  topo  lla  levels  in  ras- 
and  src-  but  not  in  raf-transformed  cells,  while  microinjection  of  oncogenic  Ras 
protein  increased  topo  lla  protein  In  non-transformed  NiH  3T3  cells.  Further 
studies  demonstrated  stimulation  of  topo  lla  promoter  activity  by  oncogenic  Ras, 
which  occurs  independently  of  ceil  cycle  progression,  since  similar  effects  were 
observed  in  PCI  2  cells  where  Ras  is  not  mitogenic.  Transactfvafton  of  topo  lla 
required  MEK/ERK,  since  either  a  dominant  inhibitory  MEK  construct  or  a  MEK- 
specific  chemical  inhibitor  completely  abolished  ERK  activation  together  with 
topo  lla  promoter  stimulation  by  Ras.  Moreover,  stress-associated  protein  kinase 
(SAPK)  was  also  involved  in  Ras-induced  topo  lla  transactivation,  as  a  dominant 
inhibitory  SAPK  kinase  (SEK/AL)  also  reduced  Ras-induced  topo  Ha  promoter 
activity.  As  a  direct  confirmation  that  ERK  and  SAPK  are  involved  in  topo  lla 
promoter  activation,  these  two  kinases  and  the  promoter  activity  were  stimulated 
independently  of  Ras  activity  by  the  action  of  a  constitutivefy  active  MEKK.  Thus, 
both  oncogenic  and  stress  related  signaling  are  able  to  stimulate  the  topo  lla 
promoter  utilizing  pathways  which  independently  induce  ERK  and  SAPK  activity. 
Taken  together,  these  studies  demonstrated  the  direct  role  of  Ras  signaling  in 
stimulation  of  topo  lla  expression,  and  thereby  establish  a  tink  between  the  action 
of  a  common  tumor  mutation  and  the  target  of  anti-tumor  treatments.  - 

#3121  TGF0  signaling  components  and  cross-talk  between  the  Smad 
and  Ras/Mapk  signaling  cascades  in  epitheRal  cells,  Frey,  R.S.,  Yue,  JM  2hu, 
Q.,  Fletcher,  T.M.,  LiU,  X.,  and  Mulder,  K.M.  Penn  State  Universfty  Co/fege  of 
Medicine,  Hershey,  PA  1 7033,  USA. 

We  previously  demonstrated  that  Ras  activation  was  necessary  and  sufficient 
for  TGF0-mediated  Erk  activation  and  up-regulation  of  pSI0*1  and  p27Klp1;  it  was 
partially  required  for  TGF/3- mediated  inhibition  of  Cdk  2  activity,  cyclin  A  ©cpres- 
sion,  and  DNA  synthesis.  In  addition,  TGF0  activated  Erk2  and  Sapfc/JNK  in 
human  breast  cancer  cells  (BCCs);  these  effects  were  sustained  and  associated 
with  inhibition  of  DNA  synthesis.  Here  we  transiently  transfected  intestinal  epi¬ 
thelial  cells  (IECs)f  and  BCCs  with  a  nat  horhologue  of  the  drosophila  mad  gene 
(termed  Rsmadl),  which  was  cloned  from  an  IEC  cONA  library.  Both  TGFp  aid  its 
superfamity  member  BMP  resulted  in  a  rapid  phosphorylation  ofRSrriadl  in  vivo, 
using  either  an  antibody  against  the  epitope-tagged  RSmadl  being  expressed  or 
a  Smadl  -specific  polyclonal  antiserum.  Pre-treatment  of  the  cells  with  the  spe¬ 
cific  MEK  inhibitor  PD98059  resulted  in  a  partial  inhibition  of  RSmadl  phosphor¬ 
ylation  by  TGF0  or  BMP.  This  occurred  under  conditions  in  which  Erk  phosphor¬ 
ylation  by  both  growth  factors  was  blocked.  In  addition,  dominant-negative  MEK 
resulted  in  a  partial  reversal  of  the  ability  of  TGF/3  or  BMP  to  inhibit  DNA  synthesis. 
Collectively,  our  results  suggest  that  MEK  may  play  an  important  role  in  both 
TGFp  and  Smad  signaling  in  epithelial  cells.  This  work  was  supported  by  NiH 
grants  CA51452,  CA54816,  CA66444,  and  CA59552  to  KMM. 

#3122  Reduced  glutathione  (GSH)  as  a  major  determinant  of  redox 
signaling  in  H4  rat  hepatoma  cells.  Yurkow,  E.J.  Dept,  of  Pharmacology  & 
Toxicology,  Rutgers  Univ.,  Piscataway ,  NJ  08855. 

A  pro-reducing  cellular  redox  status  is  thought  to  inhibit  normal  apoptotic  and 
growth- regulatory  processes  by  uncoupling  specific  redox-sensitive  signaling 
events.  In  the  current  study,  the  influence  of  GSH  levels  on  redox-sensitrve 
signaling  was  investigated  in  control  and  oxidant-treated  H4  rat  hepatoma  cells. 
Cellular  GSH  and  peroxide  levels  were  determined  flow-cytometrically.  Treatment 
of  cells  with  hexavalent  chromium  (Cr(VI))  induced  the  production  of  cellular 
peroxides  Which  was  correlated  with  the  activation  -of  the  mitogen-activated 
protein  kinases  (MAPK)  ERK1  &  ERK2.  These  effects  were  observed  with  minimal 
alterations  in  the  steady-state  levels  of  GSH.  Increasing  GSH  levels  5-fbld  using 
the  GSH  precursor,  N-acetyl-L-cysteine,  decreased  both  Cr(V!)-induced  peroxide 
generation  and  MAPK  activation.  Conversely,  depleting  GSH  levels  by  50%  using 
the  GSH  synthesis  inhibitor  buthionine  sulfoximine,  increased  the  sensitivity  of  the 
cells  to  CrfVI).  Interestingly,  depleting  cellular  GSH  levels  further  (to  30%  of 
control)  dramatically  attenuated  Cr(VI)-induced  MAPK  activation.  The  inability  to 
activate  MAPK  by  Cr(VI)  in  these  cells  was  specific  for  oxidants,  since  these 
kinases  could  be  maximally  activated  using  other  agents  (i.e.,  phorbol  esters).  Our 
results  suggest  that  cellular  GSH  levels  define  the  redox  signaling  potential  of 


cells.  In  some  circumstances.  GSH  acts  as  a  reducing  agent  that  can  uncouple 
redox -dependent  signaling  events  from  normal  growth/apoptosjs  regulatory  pro¬ 
cesses.  In  other  situations,  GSH  acts  as  an  essential  requirement  for  redox- 
sensitive  signaling. 


#3123  Balance  between  actlvated-STAT  and  MAP  kinase  regulates  the 
growth  of  human  bladder  celt  fines  after  treatment  with  EGF.  Kawameta,  H.( 
Hattori,  K.,  Tamatani,  T.f  Hino,  S.,  Uchkja,  D.,  Sato,  M.,  and  Oyasu,  R.  Second 
Dept  of  Oral  and  Maxillofacial  Surg.,  Tokushima  Univ.  Sch.  of  Dent.,  Tokushima 
770  Japan,  and  Dept  of  Pathol.,  Northwestern  Univ.  Med.  Sch,  Chicago,  Illinois 
60611.  . 

Epidermal  growth  factor  (EGF)  is  a  potent  mitogen,  and  its  action  is  mediated 
by  the  mitogen-activated  protein  kinase  (MAPK)  in  several  cell  types.  Recently,  It 
is  reported  that  EGF  activates  the  signal  transducers  and  activators  of  transcrip¬ 
tion  (STAT)  1  and  STAT3,  induces  the  expression  of  p21  waf  1 ,  and  subsequently 
inhibits  the  growth  of  several  cancer  cells,  in  this  study,  we  used  human  carci¬ 
noma  cell  fines  (A431,  T24  and  RT4)  and  immortalized  nontumorigenic  human 
urothelial  cell  lines  (IT-1,  IT-2,  and  IT-3).  Their  anchorage-dependent  growth 
after  EGF  (10-100  ng/ml)  treatment  was  compared  with  the  activities  of  MAPK 
and  STAT,  which  were  determined  by  Western  blotting  and  mobility  shift  assay 
using  a  p21  wafl  promoter  sequence,  respectively.  The  induction  of  p21  wafl 
mRNA  was  also  examined.  EGF  receptor  was  expressed  in  all  cell  lines  x  104 
to  3  x  1 0®  per  cell).  EGF  inhibited  the  growth  of  A431  (epidermal  cancer  cells)  and 
T24  (bladder  cancer  cells),  but  dkJ  not  affect  the  growth  of  RT4  (bladder  cancer 
cells).  EGF  stimulated  the  growth  of  IT-1  strongly,  and  1T*3  slightly,  but  not  all  df 
1T*2.  EGF  activated  the  MAPK  strongly  in  IT-1  and  A431 ,  and  slightly  in  RT4,  but 
marginally  in  IT-2,  IT-3  and  T24.  Furthermore,  we  detected  the  activation  of 
STAT1  in  A431  and  IT-3,  and  STAT1  and  STAT3  to  T24  after  EGF  treatment.  EGF 
also  enhanced  the  expression  of  p21  wafl  mRNA  in  A431,  T24,  IT-2,  and  IT-3. 
These  results  suggest  that  balance  between  the  STAT-induced  p21  wafl  and 
MAPK  activities  regulates  the  growth  of  human  bladder  cell  lines  after  EGF 
treatment.  (Supported  by  CA1 4649.)  - . 


#31 24  MAP  kinase  Is  activated  by  12fS)HETE.  Karoty  Szekeres  and  Kenneth 
V.  Honn.  Wayne  State  University,  Departments  of  Radiation  Oncology  (KS,  KVH), 
Pathology  (KVH)  and  Chemistry  (KVH)  Detroit,  Ml,  48202. 

12(S)HETE  Is  a  12  Lipoxygenase  product  of  arachidonic  acid,  which  'modulates 
several  steps  of  tumor  metastasis,  i.e.  it  enhances  cell  adhesion  to  endothelial 
cells  and  basal  membrane,  Increase  protease  secretion  and  prevents  apoptosis. 
We  have  previously  shown,  that  some  of  the  12(S)HETE  effects  are  mediated  by 
specific  subtypes  of  protein  kinase  C  (PKC).  We  also  have  demonstrated  tyrosine 
phosphorylation  of  42/44  kDa  proteins  after  12(S)HEtE  treatment  In  A431  car¬ 
cinoma  cells  we  have  Identified  these  bands  as  the  42/44  kDA  mitogen  activated 
protein  kinases  (MAP  kinase).  By  Western  blotting,  immunopredpitatioh  and  in 
vitro  kinase  assay  we  demonstrated  that  this  activation  is  time  and  concentration 
dependent  with  a  maximum  at  10  minutes  and  1  <fo  nM  'concentration  of  12(S)H- 
ETE.  Using  specific  Inhibitors  Of  the  classical  forms  of  PKC  (Calphostln  Q  and 
phosphatidyl  inositol  3  kinase  (P13K)  (Wortmannin  and  LY294002)  we  have  dem¬ 
onstrated,  that  MAP  kinase  activation  is  dependent  on  both  PKC  and  P13K.  MAP 
kinases  are  involved  in  mediating  a  wide  array  of  biological  behaviour,  most 
importantly  cellular  proliferation.  Showing  the  activation  of  these  kinases  in  a 
system,  where,  12  .Lipoxygenase  is  expressed  opens  up  potential  new  mecha¬ 
nisms  of  action  of  12(S)HETE  and  possibly  the  discovery,  that  previously  un¬ 
known  cellular  behaviors  are  regulated  by  this  bioactive  lipid. 


#3125  Functional  expression  of  bombesin  receptor  In  human  glioblas¬ 
toma  cell  fines  and  its  role  in  mltogenesis.  Sharif  TR,  Luo  W,  and  Sharif  M, 
Molecular  Pharmacology,  St.  Jude  Children's  Research  Hospital,  Memphis,  TN 
38 1 05.  _ 

Bombesin  and  bombesin-like  peptides  [gastrin-releasing  peptide  (GRP)  and 
neuromedin  B  (NMB)  peptide}  regulate  biological  responses  through  the  activa¬ 
tion  of  two  distinct  receptor  subtypes  (BB,  and  Bombesin  and  bombesin¬ 
like  peptides  and  their  respective  receptors  have  been  shown  to  play  a  role  in 
stimulating  the  growth  of  human  tumor-derived  cell  lines  such  as  those  derived 
from  small  cell  lung  carcinoma.  In  this  study,  we  examined  the  functional  expres¬ 
sion  and  the  role  of  bombesin  receptor  in  stimulating  the  growth  of  glioblastoma 
cells.  Functional  bombesin  receptors  were  present  in  85%  of  human  glioblastoma 
cell  lines  examined.  Bombesin  stimulated  the  release  of  intracellular  Caz+  in  nine 
adult  and  two  pediatric  glioblastoma  cell  lines.  Stimulation  of  U-373MG  cells  with 
bombesin  or  GRP  induced  DNA  synthesis  and  stimulated  the  phosphorylation  of 
the  mitogen-activated  protein  kinases  (MAPKs).  Bombesin  and  GRP  showed 
similar  potencies  in  stimulation  of  intracellular  Ca2+  release  and  activation  of  the 
MAPK  phosphorylation  in  U-373MG  cells,  whereas  NMB  was  less  potent.  A 
bombesin  receptor  antagonist  blocked  bombesin  induced  Ca2+  release  and 
attenuated  MAPK  phosphorylation  In  U-373MG  cells  demonstrating  that  bomb¬ 
esin  is  acting  through  a  receptor-dependent  mechanism.  In  conclusion,  this  study 
demonstrates  the  functional  expression  of  bombesin  receptor  In  human  glioblas¬ 
toma  cell  lines  and  attempts  to  characterize  mitogenic  signaling  induced  by  this 
receptor  in  U-373MG  glioblastoma  cells.  (Supported  by  ALSAG  and  CA7 1756). 
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